Abstract: Ethyl-3-nitronaphtho[2,1-b]furan-2-carboxylate (2) has been synthesized from ethyl naphtha [2,1-b]furan-2-carboxylate (1). This nitro product on reaction with hydrazine hydrate formed 3-nitronaphtho [2,1-b] furan-2-carbohydrazide (3). Various Schiff bases 3-nitro-N 1 (aryl-methylene)-substituted-naphtho [2,1-b]furan-2-carbohydrazides 4(a-g) were obtained by treating hydrazide (3) with different aldehydes. These Schiff bases on reaction with chloro acetyl chloride in presence of triethylamine in dioxane yielded 3-nitro-N-(3-chloro-2-oxo-substituted-phenylazetidine-1-yl) naphtha [2,1-b]furan-2-carboxamides 5(a-g). All the newly synthesized compounds have been characterized by spectral and analytical studies. The Schiff bases, 4a-g and azetidione derivatives, 5a-g have been studied for antioxidant and antimicrobial activities.
Introduction
The 2-azetidinone (β-lactam) ring is the essential feature of a large number of biologically active compounds namely penicillins, cephalosporins, carumonam, aztreonam, thienamycine and the nocardicins 1 . Recently, besides the antibacterial activity, antifungal, antitubercular, antitumor, cholesterol absorption inhibition and enzyme inhibition activity have been reported in compounds containing 2-azetidinone ring [2] [3] [4] . Due to their relevance in both clinic and economic fields, variously substituted 2-azetidinones represent a very attractive target for contemporary organic synthesis [5] [6] [7] [8] .
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The various naphtho [2,1-b] furan derivatives, synthesized in our laboratory have been shown to possess wide spectrum of biological and pharmacological activities [9] [10] [11] [12] . There are several evidences that the presence of nitro group enhance the biological activities of the compounds many folds. Thus 2-nitrobenzofuran, 2-nitro-3-methoxynaphtho[2,1-b]furan and 2-nitro-7-methoxynaphtho[2,1-b]furan have been synthesized and evaluated for possible antimalerial and mutagenic activities and they also find application in veterinary medicine [13] [14] [15] .
Hence, with a view to further assess the pharmacological profile of this class of compounds, it was thought worthwhile to synthesize some new congeners of β-lactam heterocycles by incorporating the naphtho[2,1-b]furan nucleus bearing nitro group and azetidinone moieties in a single molecular framework. The present work deals with the synthesis of the title compounds starting from ethyl naphtho[2,1-b]furan-2-carboxylate, followed by their antioxidant and antimicrobial screening. 
Experimental

Synthesis of ethyl 3 -nitronaphtho[2,1-b]furan-2-carboxylate (2)
A cooled nitrating mixture of con HNO 3 and con H 2 SO 4 (1:2, 15 mL) was added very slowly to a cooled solution of ester 1 (2.4 g, 0.01 mol) in glacial acetic acid (4 mL) and the mixture was stirred for about 30 minutes at 0 to 15 o C. The stirring was continued for 2 h and the reaction mixture was poured on to crushed ice. The product, that separated as solid, was collected, dried and recrysatllised from aqueous ethanol.
Synthesis of 3-nitronaphtho[2,1-b]furan-2-carbohydrazide (3)
A mixture of ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate (2.55 g, 0.01 mol) and hydrazine hydrate (2.5 mL, 99%) in ethanol (10 mL) was heated under reflux for 5 h, cooled to room temperature and the solid thus separated was filtered, washed with ethanol and recrystallised from aqueous DMF to obtain the product as solid.
Synthisis of 3-nitro-N 1 (aryl-methylene)-substituted-naphtho[2,1-b]furan-2-carbohydrazide 4(a-g)
To a solution of 3-nitronaphtho[2,1-b]furan-2-carbohydrazide (0.42 g, 0.001 mol) in DMF (50 mL), aryl aldehydes (6 mL) were added, the mixture was refluxed on water bath for 5 h, and then poured into ice-cold water. The product that separated as solid was filtered, dried, and recrystallised from aqueous DMF.
Synthesis of 3-nitro-N-(3-chloro-2-oxo-substituted-phenyl-azetidine-1-yl)naphtho [2,1-b]furan-2-carboxamide 5(a-g)
A solution of chloro acetyl chloride (0.6 mL, 0.0055 mol) in dioxane (10 mL) was cooled to -10 0 C using ice-salt bath and kept for stirring. To this, triethyl amine (0.5 g, 0.005 mol) was added drop wise maintaining the temperature below 0 0 C, while white solid separated out. To this reaction mixture, solution of N-[(substituted)methylene]naphtho [2,1-b] furan-2 carbohydrazides (0.0025 mol) in dioxane (10 mL) was added drop wise regulating the temperature less than 0 0 C with stirring. After the addition was over the reaction mixture was refluxed for 16 h and was poured into ice cold water. The solid that separated out was filtered dried and recrystallised from dioxane.
Results and Discussion
The required starting materials, to accomplish the synthesis of title compounds, ethyl naphtho[2,1-b]furan-2-carboxylate (1) and ethyl 3-nitronaphtho[2,1-b]furan-2-carboxylate (2) were synthesised according to the procedure reported in the literature 16 . 16 . The carbohydrazide (3) was treated with various substituted aromatic aldehydes in refluxing ethanol to obtain corresponding Schiff bases, 3-nitro-N 1 (aryl-methylene)-substituted-naphtho[2,1-b]furan-2-carbohydrazides (4a-g) in good yield. The structures of the Schiff bases (4a-g) were established by IR spectral data, showing carbonyl absorption band in between 1680-1695 cm -1 and C=N stretching frequency at 1620-1621 cm -1 . The structure assigned, was supported by 1 H NMR spectra in which a multiplet at δ 8.3 to 8.5 due to aromatic protons was observed.
Synthesis of 3-nitro-N-(3-chloro-2-oxo-substituted-phenyl-azetidine-1-yl)naphtho[2,1-b] furan-2-carboxamide 5(a-g) was accomplished by the reaction between 3-nitro-N 1 (arylmethylene)-substituted-naphtho[2,1-b]furan-2-carbohydrazides 4a-g with chloro acetyl chloride in presence of triethyl amine in dioxane. The structure of 5a was confirmed by elemental analysis and spectral studies. The IR spectrum of 5a exhibited the sharp adsorption band at 1709 cm -1 due to amide carbonyl group and at 1657 cm -1 due to carbonyl group of β-lactam ring. The 1 H NMR spectrum showed a singlet integrating for three protons at δ 3.8 due to OCH 3 protons. A multiplet at δ 7.0-8.5, two doublets one at δ 7.4 and another at δ 7.6 were attributed to ten aromatic protons, one CHPh and one CHCl protons respectively. The CONH proton appeared as a singlet downfield at δ12.1. The physical and analytical data of the newly synthesised compounds is presented in Table 1 . 
Antioxidant activity
The antioxidant activity of azetidinones and Schiff bases was determined by DPPH radical method. The compounds were taken at 100 µg concentration by their dry weight and mixed with 5 mL of 0.1 mM solution of DPPH radical in methanol and incubated at 20 0 C for 20 min in darkness. The control was prepared as above without the compound and methanol was used for the baseline correction. The absorption of each solution was measured at 517 nm using "Shimadzu 175" spectrophotometer. The % of radical scavenging activity was expressed as percentage activity using the following formula.
(Control absorbance-sample absorbance) % of Radical scavenging activity = Control absorbance 100
Where control absorbance is the measurement of DPPH radical solution without compound and sample absorbance is the measurement of DPPH radical solution with the compound. Ascorbic acid (5 mg/mL) was used as standard for the comparison of antioxidant activity. The results revealed that, the compounds 4g and 5c exhibit moderate activity when compared to the standard ascorbic acid whose concentration was 5 mg/mL.
Antimicrobial activity
The antimicrobial activity of newly synthesized compounds was determined by cup-plate method. The in vitro antimicrobial activity was carried out against 24 h old culture of four bacteria and three fungii. The bacteria used were Bacillus subtilis, Escherichia coli, Micrococus luteus and Staphylococcus aureus and fungii used were Aspergillus niger, Trichoderma spp and Penicillum spp. The compounds were tested at a concentration of 500 µg/mL in DMF against both the organisms. The chloroamphenicol and fluconazole were used as standard for comparison of antibacterial and antifungal activities respectively. The zone of inhibition was compared with the standard drug after 24 h and incubation at 37 o C for antibacterial activity and 72 h at 25 o C for antifungal activity.
The compound 5f showed promising activity against Bacillus subtilis, Micrococus luteus and Staphylococcus aureus. The compounds 5d and 5e exhibited moderate activity against E. coli. For antifungal activity, there was no zone of inhibition. The compounds did not exhibit activity against Aspergillus niger, Trichoderma spp and Penicillum spp organisms.
